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ABSTRACT 
Objective: Our objective of this research work was to investigate antimicrobial activity of five species of traditionally used medicinal plants namely 
Adhatoda vasica, Artemisia annua, Cordia oblique, Croton bonplandianum and Euphorbia milli against different strains of bacteria and fungi which are 
known to cause various types of infectious diseases. 
Methods: Organic extracts of these plants leaves (dry) were prepared, and antimicrobial sensitivity of these organic extracts (Hexane, chloroform, 
acetone, and methanol) against selected bacterial and fungal strains were performed by disc diffusion assay method and Resazurin-based Microtitre 
Dilution Assay method. 
Results: Among these plants, Cordia oblique (chloroform extract) and Croton bonplandianum (Hexane extract), which showed superior 
antimicrobial activity in the primary screening test. Croton bonplandianum showed the maximum yield (7.3%) and Adhatoda vasica showed 
minimum yield (0.57) of plant extract. Chloroform extracts of Cordia oblique and hexane extract of Croton bonplandianum showed very good 
antimicrobial activity (MIC 0.37 mg/ml) against Staphylococcus aureus and Klebsiella pneumoniae. With this Artemisia annua (chloroform extract) 
showed very remarkable antifungal activity (MIC 0.37 mg/ml) against Aspergillus niger. Among the different fractions (Hexane, chloroform, acetone 
and methanol) tested for antimicrobial activity, the non-polar fractions were more active than the polar fractions. 
Conclusion: In this study all the tested plants Adhatoda vasica, Artemisia annua, Cordia oblique, Croton bonplandianum and Euphorbia milli showed 
antimicrobial activity against at least one strain of bacterium and fungus. This might justify their claimed uses in the treatment of various infectious diseases.  
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INTRODUCTION 
Microbial infection is a worldwide problem, and huge numbers of 
antimicrobial agents or antibiotics are available in the market to 
combat these microbial infections. Several antibiotics have 
undesirable side effects that lead to exploration of novel 
antimicrobial agents mainly derived from plant extracts with the 
goal to discover new chemical structures which overcome the above 
disadvantages [7]. Although these agents are very effective and 
broad spectrum but the development of resistance in microbes 
against these drugs making the microbial infections exacerbate. This 
appearance of antibiotic drug resistance in pathogenic bacteria has 
created immense clinical problems in the treatment of infectious 
diseases. The patients infected with resistance stains are more likely 
to die and survivors have to spend significantly large time in 
hospitals and have delayed recuperation time. Thus, researchers are 
making their efforts in the development of new types of drugs 
showing effectiveness against resistant strains with minimum 
toxicity to the patients.  
During the past decade, the traditional systems of medicine have become 
increasingly popular keeping in mind their safety. Natural products 
proved to be an important source of lead compounds in the development 
of new drugs [8]. According to the recent survey the conducted in many 
developing countries, a large part of the population is dependent 
profoundly on the traditional practitioners and medicinal plants to meet 
their primary health care needs [9]. World Health Organization (WHO) 
also noted that a larger part of the world’s population depends on 
traditional medicine for primary healthcare. Plants used for traditional 
medicine consists an extensive range of substances that can be used to 
treat chronic and infectious diseases as well. 
The medicinal value of a plant lies in some chemical substances that 
produce a definite action on the human body. Medicinal and 
aromatic plants are widely used as medicines and constitute a major 
source of natural organic compounds [10]. Screening of natural 
products from plants provides the chance to discover new molecules 
of the unique structure with high activity and selectivity [11]. The 
most crucial of these bioactive compounds of plants are alkaloids, 
flavonoids, tannins and phenolic compounds [12]. These medicinally 
active compounds from plants have lead to the discovery of new 
medicinal drugs which have proficient protection and treatment 
roles against various diseases, including cancer and Alzheimer’s 
disease [13]. Development of such antimicrobial drugs by exploiting 
such plant metabolites is one of the potent approaches. It is believed 
that such metabolites will be a source of new drugs. 
In this article, we have investigated the antimicrobial property of 
plant extracts of five medicinal plants (Croton bonplandianum, 
Adhatoda vasica, Artimisia annua, Euphorbia milli and Cordia 
obliqua) against bacterial and funal reference strains. These 
selected plants are reported for their pharmaceutical value. Croton 
bonplandianum belongs to the family Euphorbiaceae has been used 
to cure hepatopancreatic, ringworms and skin diseases. Its leaves 
are vested with medicinal value and maintain the blood pressure 
[1]. Adhatoda vasica member of family Acanthaceae has traditional 
medicinal history mentioned in Ayurveda. Vasica is the remedy for 
the treatment of respiratory associated problems [2]. Artimisia 
annua belongs to family Compositae and traditionally it was used 
in Chinese medicine in Quing Hao used to alleviate fever. 
Artemisinin extracted from Artimisia annua used against 
Plasmodium falciparum [3]. Euphorbia milli belongs to family 
Euphorbiaceae was also known as crown of thorn. Its milky latex is 
used to treat abdominal edema, constipation and sprains relive 
[4]. Cordia obliqua belongs to the family Moraginaceae and ripen 
fruits of Cordia obliqua are found effective in treatment the lungs 
diseases and oral sore [5].  
MATERIALS AND METHODS  
Plant material 
Five plants were selected based on their use in the conventional system 
of medicines for their antimicrobial potential are given respectively as 
Adhatoda vasica, Artemisia annua, Cordia oblique, Croton bonplandianum 
and Euphorbia milli.  
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Preparation of crude extract 
The five medicinal plants were selected and identified which were 
available in a botanical garden in the campus of Maharshi Dayanand 
University Rohtak, Haryana, India (30.73 °N76.78 °E). The plant 
leaves were air dried under shade for two weeks and then oven 
dried at 42 °C for 18-24h. The dried plant material was grinded to 
powdered form with a mortar and pestle. The powder was weighed 
(40 g for each plant sample), and the Soxhlet’s method was used for 
extract preparation. The four solvents (200 ml for each): hexane, 
chloroform, acetone and methanol were used in ascending order of 
their polarity. The solvents were filtered and evaporated by vacuum 
distillation at 35 °C using Rotary Vacuum Evaporator. The residual 
solid was weighed and referred as the crude extract.  
Pathogens and reference strain 
Bacterial strains Escherichia coli (MTCC 433), Klebsiella pneumoniae 
(MTCC 3384), Bacillus subtilis (MTCC 441), Staphylococcus aureus 
(MTCC 737) and Pseudomonas aeruginosa (MTCC 1688) were 
procured from Microbial Type Culture Collection (MTCC), Microbial 
Technology, Chandigarh, India. Fungal strain; Aspergillus niger, 
Aspergillus flavus and Aspergillus fumigates were available in the 
university. Antimicrobial activity of prepared leaves extracts was 
investigated against these strains. 
Culture of pathogens  
The bacterial strains were grown and maintained in Luria broth. 
During growth bacterial strains were always used; a set of graphs of 
killing/viability curves for each strain of bacterial species were 
prepared. A final concentration of 5×106 Colony Forming Unit 
(CFU)/ml was used for antimicrobial study [14].  
Antibacterial evaluation of various plant extracts 
The antibacterial activity of isolated plant extracts against selected 
bacterial and fungal strains was studied by Disc Diffusion assay and 
Resazurin-based Microtitre Dilution Assay (MDA). 
Resazurin-based microtitre dilution assay 
The resazurin solution was prepared by dissolving 300 mg resazurin 
powder in 50 ml of sterile distilled water. Resazurin-based MDA was 
carried out in 96 well plates under aseptic conditions. A volume of 
100 μl of test materials in 10% (v/v) DMSO or sterile water (usually 
a stock concentration 12 mg/ml for crude extracts) added into the 
first row of the plate. 50 μl of nutrient broth and 50 μl of normal 
saline was added to all the wells of the plate. Serial dilutions were 
performed with the help of a multichannel pipette so that each well 
had 100 μl of the test material in serially descending concentrations. 
10 μl of resazurin indicator solution was added in each well. Finally, 
10 μl of bacterial suspension was placed in each well to achieve a 
concentration of 5 × 106CFU/ml. Each plate was wrapped loosely 
with cling film to make sure that the bacteria did not become 
parched. Tetracycline was used as positive control in each plate. 
Experiments were performed in triplicate and placed in an incubator 
at 37 °C for 18–24 h. The change in colour was then studied visually. 
Any colour change from purple to pink or colorless was recorded as 
positive. The lowest concentration at which colour change occurred 
can be taken as the minimum inhibitory concentration (MIC) [14]. 
Disc diffusion assay  
The disc diffusion test performed in sterilized Petri plates of 10.0 cm 
diameter. The disc of the sample placed on the surface of the agar 
plates already inoculated with bacterial culture. The plates 
incubated at 37 °C and examined at 48 h for the zone of inhibition 
around the discs [15].  
Qualitative phytochemical analysis 
The extracts obtained from all the five plants were subjected to 
various phytochemical analysis tests to identify various bioactive 
constituents present in these plants [16].  
RESULTS 
Organic extracts of selected plants were prepared and analyzed. The 
preliminary phytochemical screening of all the extracts revealed the 
presence of alkaloids, flavonoids, tannins, saponins, phenols, 
terpenoid and phytosteroids (table 1). The yield of the organic 
extract obtained of the different plant was calculated, and It was found 
that highest percentage yield of hexane extract was obtained in Croton 
bonplandianum (1.1%) and lowest in Adhatoda vasica (0.57%). 
Highest percentage yield of chloroform extract was obtained in Croton 
bonplandianum (4.9%) and lowest in Adhatoda vasica (1.27%). 
Highest percentage yield of acetone extract was obtained in Croton 
bonplandianum (7.3%) and lowest in Artemisia annua (1.07%). And in 
methanol extract, highest was obtained in the Artemisia annua (6.1%) 
and lowest yield in Croton bonplandianum (1.6%) (fig. 1). 
  
Table 1: Qualitative phytochemical analysis of different plants extracts 
S. No. Plants name Presence of phytochemicals in plant extracts of various serial solvents 
Hexane Chloroform Acetone Methanol 
1 Artemisia annua S/t, T S/t, T,A S/t, T S/t, Sp 
2 Cordia oblique S/t, T,A S/t, A, Sp S/t, Sp S/t, A, T 
3 Croton bonplandianum S/t, A, T S/t, T,F S/t, T S/t, Sp 
4 Euphorbia milli S/t, Sp, A A, Sp S/t, Sp S/t, Sp 
5 Adhatoda vasica S/t A, F S/t A, F, Sp 
(P = Phenol; S/t = Sterol/terpene; A = Alkaloid; T = Tannin, F = Flavanoids; Sp = Saponins)  
 
 
Fig. 1: Percent yield of the crude plant extracts 
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During organic extract preparation process twenty types of organic 
extracts of five plants were obtained and tested for their 
antimicrobial potential against five selected bacterial strains and 
three selected fungal strains. Antibacterial activity of standard drug 
(positive control) tetracycline was also conducted in against these 
selected bacterial strains, and MIC of tetracycline was obtained in 
the range 0.005-0.078 mg/ml against selected bacterial strains (fig. 
2). Antibacterial activity (MIC) of isolated organic extracts was 
conducted against bacterial strains, and it was compared with 
positive control (tetracycline). 
 
 
Fig. 2: MIC of standard drug tetracycline against bacteria. Experiments were carried in triplicate and each data point is mean value 
 
The antibacterial activity of isolated plant extracts was conducted 
against Escherichia coli, Klebsiella pneumoniae, Bacillus subtilis, 
Staphylococcus aureus and Pseudomonas aeruginosa. The screening 
of plants extracts for antibacterial activity showed that in Adhatoda 
vasica MIC of the organic extract against selected bacterial strain is 
in the range of 1.5 mg/ml to 3.0 mg/ml. In Artemisia annua, MIC of 
the organic extract against selected strain is in the range of 0.75 
mg/ml to 6.00 mg/ml. In Cordia oblique, MIC of the organic extract 
against selected bacterial strain varies between 0.37 mg/ml-6.00 
mg/ml. In Croton bonplandianum, MIC of organic extract varies 
between 0.37 mg/ml-6.00 mg/ml and in Euphorbia milli, it was in 
the range of 1.5 mg/ml to 6.0 mg/ml (table 2). It was found out that 
different organic extract of same plant exhibit different antibacterial 
activity against the similar bacterium. Out of data obtained it was 
revealed that chloroform extract of Cordia oblique showed potential 
against Staphylococcus aureus at 0.37 mg/ml (MIC) and hexane 
extract of Croton bonplandianum had good potential against 
Klebsiella pneumonia at 0.37 mg/ml (MIC). Some bacterial strains 
while methanol extract of Artemisia annua was ineffective against 
most of the tested bacterial strains (table 2). 
  
Table 2: Activity of plant extract against bacterial strains 
Plant name Solvent name MIC (mg/ml) of plant extracts in various serial solvents  
   Staphylococcus aureus Pseudomonas 
aeruginosa 
Bacillus subtilis E. coli  Klebsiella pneumonia 
Adhatoda vasica Hexane 1.50 1.50 3.00 1.50 3.00 
Chloroform  6.00 6.00 1.50 1.50 1.50 
Acetone 1.50 1.50 3.00 6.00 3.00 
Methanol 3.00 1.50 3.00 6.00 6.00 
Artemisia annua Hexane 6.00 6.00 1.50 3.00 1.50 
Chloroform 1.50 3.00 3.00 3.00  0.75 
Acetone 1.50 3.00 3.00 3.00 3.00 
Methanol - - - - 6.00 
Cordia oblique Hexane 6.00 1.50 0.75 1.50 1.50 
Chloroform 0.37 1.50 0.75 0.75 1.50 
Acetone 6.00 6.00 1.50 3.00 1.50 
Methanol  3.00 3.00 6.00 3.00 0.75 
Croton bonplandianum Hexane  1.50 3.00 1.50 1.50 0.37 
Chloroform 6.00 1.50 1.50 1.50  _ 
Acetone 6.00 1.50 1.50 1.50  _ 
Methanol 1.50 3.00 6.00 1.50 1.50 
Euphorbia milli Hexane  6.00  6.00 1.50 1.50  6.00 
Chloroform  1.50 0.75 1.50  6.00  6.00 
Acetone  _ 6.00 _ 3.00 6.00 
Methanol  _ 6.00 6.00 _  _ 
Experiments were carried in triplicate, and each data point is mean value 
 
Isolated organic extracts were also analyzed for antifungal activity 
against Aspergillus niger, Aspergillus flavus and Aspergillus fumigates 
(table 3). Fungicidal property of a positive control (amphotericin B) 
was tested against these fungal strains. It found that MIC of positive 
control against Aspergillus niger was 2.4µg/ml, against Aspergillus 
flavus was 2.6µg/ml and against Aspergillus fumigates was 2.5µg/ml. 
It was analyzed that chloroform extract of Euphorbia milli showed 
best antifungal activity (0.37 mg/ml MIC) against Aspergillus 
fumigates while methanol and acetone extract of Artemisia annua 
showed the least activity (6.00 mg/ml) against Aspergillus fumigates. 
The hexane extract of Croton bonplandianum and chloroform extract 
of Artemisia annua and Cordia oblique showed best antifungal 
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activity (0.75 mg/ml MIC) against Aspergillus flavus while hexane 
extract and methanol extract of Euphorbia milli showed minimum 
activity (6.00 mg/ml) against Aspergillus flavus. Chloroform extract 
of Artemisia annua showed best antifungal activity (0.37 mg/ml 
MIC) against Aspergillus niger while acetone extract of Croton 
bonplandianum and methanol extract of Artemisia annua, Cordia 
oblique, Croton bonplandianum and Euphorbia milli showed the least 
activity (6.00 mg/ml MIC) against Aspergillus niger. 
 
Table 3: Activity of plants extracts against pathogenic selected Aspergillus spp. 
S. 
No.  
Fungal strain  Plant  MIC (mg/ml) of plant extracts in organic solvents 
Hexane Chloroform Acetone Methanol 
1. Aspergillus fumigates Adhatoda vasica  0.75  3.00 1.50 - 
Artemisia annua  3.00  1.50 6.00  6.00 
Cordia oblique  1.50  0.75 1.50  1.50 
Croton bonplandianum  3.00  1.50  1.50  3.00 
Euphorbia milli  6.00  0.37 1.50  6.00 
 2. Aspergillus flavus Adhatoda vasica  1.50  1.50 3.00  3.00 
Artemisia annua  1.50  0.75 3.00  3.00 
Cordia oblique  3.00  0.75 1.50  3.00 
Croton bonplandianum  0.75  3.00 1.50  1.50 
Euphorbia milli  6.00  1.50 3.00  6.00 
 3. Aspergillus niger Adhatoda vasica  1.50  3.00 3.00  3.00 
Artemisia annua  3.00  0.37 1.50  6.00 
Cordia oblique  1.50  1.50 3.00  6.00 
Croton bonplandianum  1.50  3.00 6.00  6.00 
Euphorbia milli  1.50  1.50 3.00  6.00 
Experiments were carried in triplicate and each data point is mean value 
 
Antimicrobial activity of organic plants extracts which exhibited 
good antibacterial and antifungal activity was screened by disc 
diffusion assay against selected bacterial and fungal strains (table 4). 
For each study 25 µg organic extract per disc was used, and zone of 
inhibition was measured. It was find out that hexane extract of A. 
vasica showed maximum zone of inhibition (7.8±0.4 mm) against P. 
aeruginosa and minimum zone of inhibition against Aspergillus 
flavus (6.1±0.7 mm) with this chloroform extract of this plant 
showed zone of inhibition against Aspergillus flavus (6.6±0.7 mm) 
and zone of inhibition against E. coli (6.2±0.6 mm). Chloroform 
extract of A. annua showed a maximum zone of inhibition against 
Aspergillus niger (7.2±0.2 mm) and minimum zone of inhibition 
against S. aureus (6.0±0.8 mm). Chloroform extract of C. oblique 
showed a maximum zone of inhibition against Aspergillus niger 
(7.4±0.3 mm) and minimum zone of inhibition against S. aureus 
(6.2±0.3 mm). Hexanes extract of C. bonplandianum showed a 
maximum zone of inhibition against K. pneumoniae (7.5±0.3 mm) and 
minimum zone of inhibition against Aspergillus flavus (6.2±0.6 mm).  
Chloroform extract of E. milli showed a maximum zone of inhibition 
against P. aeruginosa (7.2±0.4 mm) and minimum zone of inhibition 
against S. aureus (6.4±0.2 mm). 
 
Table 4: Antimicrobial activity of best-selected plants extracts by disc diffusion assay (at 25 µg/disc) 
Plant name/(Solvent name) Zone of inhibition in mm by disc diffusion assay 
Aspergillus sp. S. aureus P. aeruginosa B. subtilis E. coli K. pneumoniae 
fumigatus flavus niger 
A. vasica (hexane) 6.6±0.7 6.1±0.7 _ 7.4±0.6 7.8±0.4 _ 7.0±0.8 _ 
A. vasica (chloroform) _ 6.6±0.7  _ _ _ 6.2±0.6 _ 
A. annua (chloroform) _ 6.6±0.2 7.2±0.2 6.0±0.8 6.2±0.6 _ _ 6.8±0.2 
C. oblique (chloroform) 6.2±0.6 6.7±0.2 7.4±0.3 6.2±0.3 _ 6.6±0.3 6.7±0.6 _ 
C. bonplandianum (hexane) _ 6.2±0.6 _ 6.6±0.2 _ _ _ 7.5±0.3 
E. milli (chloroform) 7.1±0.8 _ _ 6.4±0.2 7.2±0.4 6.6±0.2 _ _ 
Experiments were carried in triplicate, and each data point is mean value±SD. (-) means no activity. 
 
DISCUSSION  
The plant leaves extracts in four different solvents viz. hexane, 
chloroform, acetone, and methanol, were appraised for 
antimicrobial activity against the reference strains of E. coli, P. 
aeruginosa, K. pneumoniae, S. aureus and B. subtilis. The test 
organisms used in this study are associated with various forms of 
human infections. A research study shows that E. coli is the cause of 
septicemias and can even infect the gallbladder, meninges, surgical 
wounds, skin lesions and the lungs, primarily in weak and 
immunodeficient patients [12]. Furthermore, from a clinical point of 
view, K. pneumoniae is a member of the Klebsiella genus of 
Enterobacteriaceae and it is emerging as an important cause of 
neonatal nosocomial infection [13, 18-20].  
Different solvents have various degrees of solubility for different 
phytoconstituents [16, 19, 21, 22], these results show that the best 
antifungal activity shown by Artemisia annua (chloroform extract) 
against A. niger having MIC value of 0.37 mg/ml. Similarly, the 
extract of Adhatoda vasica (hexane extract) and Cordia oblique 
(chloroform extract) confirm the admirable bioactivity against A. 
fumigates (MIC=0.75 mg/ml). In addition to this, Cordia oblique 
(chloroform extract) and Artemisia annua (chloroform extract) also 
corroborate the venerable bioactivity against A. flavus (MIC=0.75 
mg/ml). Furthermore, it was observed that only six out of twenty 
extracts were found to be endowed with antimicrobial activity at a 
preset concentration of 25 µg/disc (table 2, 3 and 4) by disc 
diffusion assay. 
These results clearly exhibit that there are differences in the 
antimicrobial effect of plant groups; which may be due to 
phytochemicals differences among the various plant species [23-25]. 
Few plant extracts were revealing the broad range activity possibly 
due to the presence of several antimicrobial compounds or synergic 
effects of these compounds.  
It is far easier for a pathogenic microorganism to develop resistance 
against a single purified compound against a variety of compounds 
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acting simultaneously possibly with different targets to result in 
antimicrobial activity. The use in antimicrobial therapy of crude 
extracts, which contain enormous compounds, may act to shrink the 
incidence or development of resistant microbes [26, 27]. This supports 
the expansion of efficient herbal goods derived from biologically active 
plant extracts, rather than pharmaceuticals comprising a single active 
constituent isolated from the plant extract.   
CONCLUSION 
The present study reveals that highest antibacterial potential was 
observed with chloroform extract fraction of Cordia oblique against 
all pathogenic microbes studied. Due to the expansion of multi-drug 
resistant bacterial and fungal strains, it will be interesting to purify 
the active fractions for potential lead antimicrobial compounds. 
Indeed; Cordia oblique plant presents a resourceful reservoir of the 
various bioactive metabolites and can be of possible use in modern 
medicine. In anticipation, our study could donate the progress of 
newer and highly active antimicrobial drugs which would rapidly 
progress to various stages of formulation development and reach 
the pharmaceutical market, thereby contributing to a reduction in 
the incidence of infections. 
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